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In the left-right symmetric models without bi-doublet Higgs scalars, the standard model fermions 
can obtain masses by integrating out heavy charged singlet fermions. We find the decays of heavy 
neutral singlet fermions, responsible for generating small neutrino masses, can simultaneously pro- 
duce a left-handed lepton asymmetry for baryon asymmetry and a relic density of right-handed 
neutrinos for dark matter. Benefited from the left-right symmetry, the properties of the dark mat- 
ter can be related to the generation of the neutrino masses and the baryon asymmetry. We also 
indicate that the decays of the non-thermally produced right-handed neutrinos can explain the 
observed fiuxes of 511 keV photons from the Galactic bulge. 

PACS numbers: 95.35.-|-d, 14.60. Pq, 98.80.Cq, 12.60.Cn, 12.60.Fr 



I. INTRODUCTION 

The S'C/(3)^ X SU{2)^ X U{1)y standard model (SM) 
has been tested to a very high accuracy, but it has been 
suffering big challenges from particle physics and cos- 
mology. For example, it can't explain the existence of 
non-baryonic dark matter, which has been confirmed by 
precisely cosmological observations [ij , 



n^h^ = 0.1099 ±0.0062. 



(1) 



Here h = 0.719t^;^27 Q- So far we know little on the 
true identity of the dark matter although there have been 
many interesting candidates. The cosmological obser- 
vations also indicates that the present universe doesn't 
contain significant amount of baryonic antimatter. This 
baryon asymmetry again requires supplementing new in- 
gredients to the existing theory. The density of the bary- 
onic matter is measured by [l| 



0.02273 ±0.00062. 



(2) 



which is intriguingly comparable to that of the dark 
matter. The coincidence between the dark and bary- 
onic matter implies that they may have a specifical rela- 
tion although their creation and evolution are usually 
understood by unrelated mechanisms. Furthermore, ob- 
servations on solar, atmospheric, reactor and accelerator 
neutrino oscillations have established the phenomenon of 
massive and mixing neutrinos Q, 
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which is well consistent with the cosmological limits on 
the sum of the neutrino masses [l| , 



Em, <1.3eV (95% CL) 



(4) 



The smallness of the neutrino masses inspires a seesaw 
[3-11] extension of the SM. The seesaw models [l-Q also 
allow the attractive leptogenesis (Tol - fisj mechanism for 
generating the observed baryon asymmetry. 

On the other hand, new physics beyond the SM is also 
motivated by some theoretical considerations. For exam- 
ple, the SM accommodates the left- and right-handed 
fermions in different ways: the left-handed fermions 
transform as doublets but the right-handed ones trans- 
form as singlets. The unequal treatment on the left- and 
right-handed fermions means parity violation. If we start 
with a theory with left-right symmetry [l6j at high en- 
ergy, where the left- and right-handed fermions are both 
placed in doublets and the parity is conserved, the spon- 
taneously left-right symmetry breaking can induce the 
parity violation as observed at low energy. The left- 
right symmetric models are based on the gauge group 
SU{i)^ X SU{2)^ X 5t/(2)^ X U(l)g_^. Within this con- 
text, the electric charge (Q) can be well defined in terms 
of lepton (i) and baryon [B) numbers. 
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where 2^^, and B — L are the generators of SU{2)^, 
SU{2)j^ and U{1)b-L' respectively. This provides us a 
natural explanation for the choice of hypercharge charge 
in the SM. An important prediction of the left-right sym- 
metry is the existence of right-handed neutrinos, which 
are trivial and hence absent in the SM. In the most 
popular left-right symmetric models with bi-doublet and 
triplet Higgs scalars Q, the right-handed neutrinos can 
naturally obtain heavy Majorana masses to realize the 
seesaw and the leptogenesis after the left-right symmetry 
breaking. 

In this paper we consider the left-right symmetric mod- 
els without bi-doublet Higgs scalars [l3|. If the Higgs 
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content only contains a left-handed doublet and its right- 
handed partner, one [l^ need assume the Higgs poten- 
tial to be 0(2) invariant for giving an acceptable sym- 
metry breaking pattern. Alternatively we shall extend 
the original model [l7| with spontaneous D-parity viola- 
tion [1^. For generating the masses of the SM fermions, 
we introduce some heavy charged singlet fermions with 
Dirac masses and then integrating them out. For the 
neutrinos, we introduce left- and right-handed neutral 
singlet fermions with not only Dirac but also Majo- 
rana masses. The right(lcft)-handed neutral singlets can 
dominate the seesaw for the left(right)-handed neutrino 
masses. Their decays can produce the observed baryon 
asymmetry through the leptogenesis and can give the 
right-handed neutrinos a desired relic density for the dark 
matter. In this left-right symmetric scenario, the proper- 
ties of the dark matter are related to the parameters for 
generating the neutrino masses and the baryon asymme- 
try. 



II. THE MODEL 



The most general scalar potential of our model is 



V 



(6) 



with (7 — > — (7 and 0^ — > 0^ under the parity symmetry. 
Here Xi 2 > 0} ^3 > ^2A2 and A4 > — A2 so that 
the potential is bounded from below. For appropriate 
parameter choice, it is easy to give the desired vacuum 
expectation values (VEVs), 



grating out these singlets [17| . 

^Vu {ql4>lUr + QrC^rUl) - MuUlUh 
-Ve {Il^lEr + IrC^rEl) - MeE^Ej, 



-hH.c. 

-Vd^L^t^LdR 

+H.C. , 
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where the SM Yukawa couplings are given by 
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Here we have chosen the base where the mass matrices 
Mjj jj g are real and diagonal. Note the mass matrices 
Mjj jj E now are not hermitian as a result of the sponta- 
neous D-parity violation, i.e. 

M 
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- f^D,U,E{<^) 

^D,u,E while /i^ 
Yukawa couplings hjj jj ^ vanish, the left-handed yukawa 
couplings VuijE should be equal to the right-handed 



with Ml, jjE = M'l^jjE while h^D,u,E = -f^D,u,E- ^ the 



]j If E ^'^D u E ^''^ hermitian matrices. Since 
the Yukawa coupling of top quark is very close to 1, Eq. 



(jlObp will constrain Mj 
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ity, we shall conveniently assume M^, = Mjj — ~ vr 



'in. For simplic- 

= Me = Vf 

to make the heavy charged singlets decoupled from the 
following discussions. 

In the neutrino sector, we consider the left- and right- 
handed neutral singlets with the Yukawa couplings and 
the masses as below, 



^ ^ -yN{lL'I^LNR + lR(bnN, 



> Vj 



174 GeV. 



(7) 



In the present model without the Higgs bi-doublcts, the 
charged gauge bosons and are mass cigenstatcs 



M 
N 



H.c. 



(12) 



In the presence of the spontaneous D-parity violation, 

(13) 



the Dirac mass matric is not hermitian, i.e. 



m 



(8) 



The left- and right-handed fermions in the SM with the 
right-handed neutrinos are placed in doublets for each 
family. For generating the masses of the SM fermions, 
we introduce some heavy charged singlets to construct 
the Yukawa couplings to the Higgs and fermion doublets 
so that we can derive the SM yukawa couplings by inte- 



with M% 



while /i]y = 



'TV- 



Furthermore, we 



have forbidden the Yukawa couplings lj^(j)]^N1, Ir4'r^r 
and their CP conjugates. This can be achieved by im- 
posing a discrete, global or local symmetry. For exam- 
ple, we consider a U{l)j^ local symmetry under which 
E'l,R'UI^r,E^j^,NI j^,(f)l carry a quantum number 
X ^ 1. Clearly, this U{l)x is free of gauge anomaly. In 
this context, the Yukawa couplings and the Dirac mass 
terms in Eqs. ^ and are allowed while the Majo- 
rana mass terms in Eq. (I12p are forbidden. To break this 



3 



U{l)j^ ^, we can introduce a singlet scalar ^ with Yukawa 
couplings to the neutral singlets iV^ ^, 



C D --/^ i^NlN^ + CN^RNn) + H.c. . (14) 

Through the above Yukawa interactions, the Majorana 
masses in Eq. (|12p can be given by 



fNiO 



(15) 



which have mass matrices with a same texture, 

= m,]^ = U''diag{mi,m2,'m^}U* , (23a) 



= C/^diag{TOi,m2,m3}t/*-f . (23b) 



Here U is the MNS lepton flavor mixing matrix [2C 



By integrating out the neutral singlets, the full neutrino 
masses would contain a Dirac mass term and two Majo- 
rana ones, 

C D -^Vl'^-l^I - \vgmp,v'p,^ - J^lIt^d^r + H.c. (16) 



with 



T 2 
1 T 2 



2/w 



Vn^l^r ■ 



Here we have assumed 

tM ^ 71 rD 



(17a) 
(17b) 
(17c) 

(18) 



and then have defined the left- and right-handed Majo- 
rana fermions, 



R, = N 



■N 



(19a) 
(19b) 



by choosing the base where the Majorana mass matrix 
Mj^^ is real and diagonal, 

M^' = diag{Mi , M2 , A/3} ~ M. (20) 



Clearly, the right-handed neutrinos will give their left- 
handed partners an additional Majorana mass term 
through the seesaw since their Dirac masses are not van- 
ishing. This gift is negligible. 



III. BARYON ASYMMETRY 



We now discuss the physics below the scale , which 
is assumed much smaller than the left-right symmetry 
breaking scale w^j, i.e. 



M*^ « Vf 



(24) 



We thus integrate out the right-handed physical Higgs 
boson and then derive the following Lagrangian, 



1 



^ t 

VNrL'^L^RL + 'ii-C. 



{LL + RR) 



(25) 



Here the dimension-5 operator (j)]^(j)]^Dj^R and its CP con- 
jugate have been omitted since they are sufficiently sup- 
pressed in comparison with the couplings in (j25p . 

Clearly, Eq. (p5)) can accommodate the standard lep- 
togeneisis scenario, where the 2-body decays of the Ma- 
jorana fermions into the SM lepton and Higgs doublets 
can generate a lepton asymmetry if CP is not conserved. 
This lepton asymmetry can be partially converted to a 
baryon asymmetry through sphaleron |2l| . So, the ab- 
sence of baryonic antimatter is well explained. The final 
baryon asymmetry can be described by 



+ K, 



(26) 
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Therefore, we can well define the left- and right-handed 
Majorana neutrinos. 



X = Vr + v_ 



R ' 



(22a) 
(22b) 



^ There is a kinetic mixing between the gauge bosons associated 
with {/(l)^ and r/(l)g_^. We simply assume this mixing is 
small enough to fulfill the experimental constraints. 
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[22| is the sphaleron induced lepton-to- 



baryon conversion coefficient, ~ 112 is the relativistic 
degrees of freedom (the SM fields plus three right-handed 
neutrinos), Kt, {y^r,M) and Kt {ypj,M) are wash out 

factors, is the lepton asymmetry induced by the 

decays of a Rj{Lj) and is calculated at one- loop order. 



^R.^l,+(lir ^R-^l'f+li)* 



, (27b) 
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where and are the decay width at tree level, 



r„ = F 



(28a) 
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Although the Yukawa couplings of L arc much smaller 
than those of R [cf. ([H])], the Icpton asymmetries (|27ap 
and (|27bp can arrive at a same magnitude, 

^i?.. - '^L. - , (29) 

because the Yukawa couplings of R dominate the loop 
corrections in the decays of both R and L. For generating 
the observed baryon asymmetry [l| 



7.04 X 



(6.225 ±0.170) X 10"^", (30) 



the Yukawa couplings and the masses M should fulfill 
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0.99 X 10" 



(31) 



For a given relic density, we can determine the masses of 
the right-handed neutrinos by the observed baryon asym- 
metry, 



'AT- 



(35) 



Here to^ ^ 940 MeV is the nucleon mass. On the other 



hand, as shown in Eq. (|23p , the mass matrix of the right- 
handed neutrinos has a same texture with that of the 
left-handed neutrinos. For example, let's consider the 
case with the degenerate neutrino masses. 



'1 m-2 ^ ' 
which immediately yields 



0.05 cV, 



0.05 eV^ . 



V 



R 



X2 ~ X3 

With further assumptions, 

''^L. - '^i?^ - '*L^ = 0.1 , 
which is true in the weak washout region, and 

^^ = 3.3x10-4, i% = 1.9xl0^ 



(36) 



(37) 



(38) 



A 



2.1 X 10" 



we can obtain the dark matter masses 
~ 1.3 MeV. 

A 1 , 2 , 3 



(39) 



(40) 



IV. DARK MATTER 



Accordingly, the left-right symmetry breaking scale can 
be given by 



The 3-body decays of L don't have significant contribu- 
tions to the total decay width and the lepton asymmetry, 
but it is sufficient to produce abundant right-handed neu- 
trinos for the dark matter relic density. We now clarify 
this interesting scenario in details. It is easy to read the 
relic density. 



s 



Br, 



9* 



(32) 



where /s:^ (Vn^ ^) ^ wash out factor and 
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■(33) 



is the branching ratio. From the baryon asymmetry ([26]) 
and the relic density ((32|). we can perform the following 
ratio. 



T.^KLBr^^m^^ : cE^. [k^^ 




5.1xlO^Wi. (41) 



The above breaking scale points to the necessity of the 
resonant [H, [13 lepto genesis because of the parameter 
choice p9p . i.e. ~ 186 GeV. It also indicates that the 
gauge interactions of the right-handed neutrinos decouple 

at a high temperature ^ [ ^]' O(McV) 0(100 GcV) 

so that the non-thcrmally [23| produced right-handed 
neutrinos can successfully explain the dark matter relic 
density. 

We should keep in mind that the right-handed neutri- 
nos mix with their left-handed partners due to the Dirac 
mass term in Eq. so that they will decay at tree 

level and loop orders. In absence of the mixing between 
L and Wi 



and (cf. dll)), the decay width should be (2^,1251 



X — ^z/e+ e 



-^sin^ (29,) ml 
.sin2(20,)m5 



30727r3 
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(42a) 
(42b) 
(42c) 
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Here a and G^, respectively, are the fine-structure con- 
stant and the Fermi constant, 9^ is the mixing angle de- 
fined by 



O 



-I 



(43) 



With the previous parameter choice, we can determine 
the mixing angle to be 0| ~ 10"^^. Therefore the decay 
into the electron-positron pairs (j42bp can [2^ provide a 
natural explanation for the flux of 511 keV photons from 
the galactic bulge observed by INTEGRAL [13 satelhte. 
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'10-22 Vl.SMeV/ 



4 n 
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(44) 



It is easy to check that our scenario is consistent 
with other astrophysical and cosmological constraints 
[28j . Alternatively, we may explain the observed cosmic 
positron/electron excess [29H33|, which is probably from 
continuum distribution of pulsars [13, [35| , by fine tuning 
the parameters. 



asymmetry in the left-right symmetric model with dou- 
blet and singlet fields. In this model, the SM fermions ob- 
tain masses by integrating out charged singlet fermions. 
In the neutrino sector, the right(left)-handcd neutral 
fermions, associated with the left (right) -handed Higgs 
doublet, can generate the left(right)-handed neutrino 
masses through the seesaw. The mass matrices of the left- 
and right-handed neutrinos have a same structure as a re- 
sult of the left-right symmetry. The neutral singlets are 
also responsible for the baryon asymmetry and the dark 
matter. Specifically their 2-body decays can produce a 
desired lepton asymmetry in the left-handed leptons and 
then the observed baryon asymmetry can be realized by 
the sphalcron induced lepton-to-baryon conversion. At 
the same time, the right-handed neutrinos can serve as 
the dark matter as they have a right relic density from 
the 3-body decays of the neutral singlets. The decays 
of these non-thermally produced right-handed neutrinos 
can easily induce the observed fluxes of 511 keV photons 
from the Galactic bulge. The attractive feature of our 
scenario is that the left-right symmetry can connect the 
properties of the dark matter to the neutrino masses and 
the baryon asymmetry. 



V. CONCLUSION 

In summary we have shown the dark matter can be 
well determined by the neutrino masses and the baryon 
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